(76%) of patients; AET was lower among patients with (6.1%, 3-7.8) than without (14.9, 8.5-22. 3) RACs (P = .009). Correlation was weak and insignificant between AET and EGJ-DI, GERDQ and AET, and GERDQ and EGJ-DI. Patients with abnormal AET (n = 16) and normal AET (n = 9) had similar EGJ-DI, 4.6 mm 2 /mm Hg (2.9-9.2) vs 3.2 (2.2-5.1), P = .207 and GERDQ, P = .138.
Conclusions:
Abnormal esophageal acid exposure was associated with an impaired contractile response to volume distention of the esophagus. This supports that acid exposure is dependent on acid clearance mechanisms.
K E Y W O R D S
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The functional lumen imaging probe (FLIP) utilizes high-resolution impedance planimetry to measure the relationship of luminal dimensions and distensive pressure (ie distensibility) during controlled, volumetric distension. The FLIP is commercially available and can be easily applied during a sedated upper endoscopy, thus it offers the potential to aid clinical characterization of patients presenting with GERD symptoms. Although EGJ-distensibility was assessed with FLIP in several previous studies, results regarding the association between EGJdistensibility and GERD have been inconsistent. [4] [5] [6] [7] [8] Distension-induced contractility can also be assessed using the FLIP, though this evaluation has not been previously described among patients evaluated for GERD. 9, 10 The role of FLIP for diagnostic evaluation and targeted management in GERD remains appealing, however inconsistent results among prior studies applying FLIP measurement of EGJ-distensibility in GERD limits support of this application. Thus, we aimed to assess the association of esophageal acid exposure with the esophageal response to distension utilizing FLIP.
| METHODS

| Subjects
Patients presenting to the Esophageal Center of Northwestern for Reflux symptoms were assessed and quantified using the GERDQ, a widely used, validated, 6-item self-report measure with questions evaluating common reflux symptoms (heartburn, regurgitation, chest pain), sleep disturbance, and antacid use. 11 A GERDQ score >8 was considered abnormal. Informed consent was obtained from each subject and the study protocol was approved by the Northwestern University Institutional Review Board.
| Functional lumen imaging probe
The FLIP assembly consisted of a 240-cm long, 3-mm outer diameter catheter with an 18-CM, infinitely compliant balloon (up to a distension volume of 60 mL) mounted near the distal end of the catheter (EndoFLIP ® ; Crospon, Inc, Galway, Ireland). The balloon tapered at both ends to assume a 16-cm long cylindrical shape in the center that 
| FLIP data analysis
FLIP data including distension volume, intra-balloon pressure, and 16 channels of luminal diameter for each subject were exported to MATLAB (The Math Works, Natick, MA, USA) for analysis using a customized MATLAB program. 12 This program applied a filter to minimize vascular and respiratory artifact and then generated tracings of each channel's luminal diameter. Interpolation between channels was applied to generate color-coded topography plots by time with corresponding plots of volume distension and intra-balloon pressure; Figure 1 . The program identified the EGJ-midline by searching for the minimal diameter of the distal impedance planimetry channels. The EGJ-distensibility index (EGJ-DI) was calculated by measuring the narrowest EGJ CSA and intra-balloon pressure at each data sample obtained during the time course at the 60-mL distension volume. 13 The median values for narrowest EGJ CSA and intra-balloon pressure were then divided to calculate the EGJ-DI (CSA/pressure; mm 2 /mm Hg).
Esophageal body contractions were identified by a transient decrease of ≥ 5 mm in the measured luminal diameter detected in ≥2 adjacent axial impedance planimetry channels using the FLIP topography plots and 16 channel diameter tracing output. 9,14 Contractions
Key Points
• The esophageal response to distension includes esophagogastric junction competence and secondary peristalsis, which are relevant to reflux disease and can be evaluated using the functional lumen imaging probe (FLIP).
• A response to volumetric distension comprising repetitive, antegrade contractions was associated with a reduced degree of esophageal acid exposure among patients evaluated for reflux.
• Esophageal acid exposure is dependent on mechanisms associated with acid clearance.
were described in terms of propagation direction (antegrade or ret- 
| Esophageal pH monitoring
All patients stopped proton-pump inhibitor therapy for at least 7 days prior to esophageal pH monitoring. The Bravo wireless pH capsule (Medtronic Inc, Shoreview, MN, USA) was placed following endoscopy and FLIP. The delivery system was placed trans-orally into the esophagus and positioned so that the pH electrode was 6 cm proximal to the squamocolumnar junction, where the pH capsule was secured to the adjacent esophageal mucosa. The recording period extended for 96 hours with each test day analyzed separately. Patient position (supine, upright) and meal times were based on patient recording and diary; meal times were excluded from the analysis. Using esophageal pH < 4 as indicative of reflux, the measures outcomes included the % time pH < 4 (acid exposure time, AET), number of reflux events, and longest reflux event. The worst day, ie most extreme measure, for each variable was included in analysis to maintain independence of variables. Abnormal AET was consider if any day had a total AET > 6%. 15 Additionally, the number of abnormal days (0-4), ie days with total AET > 6%, was tabulated. 
| Statistical analysis
| RESULTS
| Subjects
25 patients completed the study protocol (ages 22-73, 13 females) and entail the included study cohort; three other patients consented but were excluded at the time of endoscopy for LA-C esophagitis (1), hiatal hernia >3 cm (1), and a technical malfunction of the FLIP pressure sensor (1) . Indication for reflux monitoring was for typical reflux symptoms in 13 (52%), chest pain in four (16%), extraesophageal symptoms in six (24), and other symptoms in two (8%:
one for abdominal pain, one for nausea). Three patients underwent 
one patient (also with hiatal hernia), and LA-A esophagitis in two patients (neither with hiatal hernia); endoscopies were otherwise normal. One patient did not complete the GERDQ, among the remaining 24 patients, median (IQR) GERDQ scores were 9 (6-10); 12 (50%) were abnormal.
| Esophageal pH monitoring
Among the total cohort, the worst day of AET was 7.2% (3.7-11.1); there were 16 (64%) with abnormal esophageal acid exposure. All seven patients with hiatal hernia also had abnormal AET, as did all three with low-grade esophagitis; there otherwise were no significant differences in clinical characteristics between patients with and without abnormal AET (Table 1) 
| Association of distension-induced contractility with reflux parameters
Esophageal contractility was observed on FLIP topography in all patients but one (96%); Figure 1 . RACs were present in 19 (76%).
Repetitive, retrograde contractions were present in three (12%), two of which also had RACs. Total AET was lower in patients exhibiting RACs, 6.1% (3.0-7.8), than those that did not generate RACs, 14.9% tween patients with and without RACs. GERDQ was also similar between patients with and without RACs, 9 (7-10) vs 7 (6-10); P = .581.
| Association of EGJ-distensibility with reflux parameters
Among the total cohort, the EGJ-DI was 4.2 mm 2 /mm Hg (2.5-7.6), with the median diameter at the 60-mL fill volume was 14.8 mm (11.8-18.9) and the median pressure was 40.9 mm Hg (33.9-53).
EGJ-DI and total AET were poorly correlated (rho = 0.169); Figure 3A .
EGJ-DI did not differ between patients with abnormal AET, 4.6 mm Figure 3D ). None of these correlations were statistically significant.
| DISCUSSION
We aimed to assess the association of esophageal acid exposure with the esophageal response to distension among patients undergoing GERD evaluation with wireless esophageal pH monitoring and FLIP and demonstrated that although EGJ-distensibility was not consistently associated with esophageal acid exposure, impairment in distension-induced contractility carried an association with greater esophageal acid exposure.
The pathophysiology related to GERD is multifactorial and involves factors associated with the anti-reflux barrier and those related to esophageal acid clearance. 1 A study of healthy controls recognized that during acid reflux episodes, primary peristalsis is largely responsible for acid clearance in the awake state while secondary peristalsis is more integral in the sleep or supine state. 16 In another study, after analyzing 595 episodes of documented GERD, nearly 82% of motor events during this period were due to primary peristaltic activity while the remaining 18% were due to secondary peristalsis or ineffective motility. 17 Furthermore, triggering of secondary peristalsis was shown to occur less frequently among patients with erosive and non-erosive GERD than asymptomatic controls. The volumetric filling of the FLIP and associated distension of the esophageal induces secondary peristalsis. Because the esophageal distension is maintained over the course of the FLIP study, the normal esophageal response to this sustained esophageal distension is the manifestation of RACs. 9 In our initial evaluation of FLIP-associated motility, we observed RACs in 80% of healthy, asymptomatic controls. 9 Although this cohort of controls was not evaluated with manometry, we also frequently observed RACs on FLIP among dysphagia patients with normal esophageal peristalsis. 10 Unfortunately, manometry was not routinely obtained among the GERD cohort evaluated for the present study to better assess the relationships between primary and secondary peristaltic function with esophageal acid exposure.
However, our results support that an impaired contractile response to esophageal distension is associated with greater esophageal acid exposure. Secondary peristalsis likely plays a larger role in esophageal clearance during sleep when swallowing is suppressed, thus it seems fitting that we observed a more exaggerate increase in acid exposure during the supine periods among patients without induction of RACs.
Previous studies utilizing a barostat demonstrated that increased EGJ-distensibility was associated with GERD, however feasibility of barostat use limits its application to clinical practice. 2, 3 The FLIP provides a clinically available method to objectively assess esophageal distensibility EGJ however conflicting results on the association between EGJ-distensibility and GERD were observed among studies utilizing FLIP. An initial study applying the FLIP to patients with typical GERD symptoms demonstrated increased EGJ-DI (mm 2 /mm Hg) compared with healthy controls. 4 Additionally, EGJ-DI was positively correlated with reflux symptom scores among patients with Barrett's esophagus and hiatal hernia. 5 However, a subsequent study assessing patients with FLIP and wireless esophageal pH monitoring found that patients with GERD symptoms actually had lower EGJ-DI than controls, and EGJ-DI did not differ between patients with normal (n = 9) or abnormal (n = 9) esophageal acid exposure. 6 Another study that evaluated patients treated with trans-oral incisionless fundoplication (TIF) demonstrated that pre-operative EGJ-DI was not correlated with pre-operative AET, nor was EGJ-distensibility at 6-month post-TIF follow-up associated with normalization of AET. 7 Similarly, we did not observe a significant correlation of EGJ-DI with AET, nor did we observe a difference in EGJ-DI associated with categorized AET.
However, the current and previous studies evaluating GERD patients with FLIP assume the EGJ-DI is synonymous with EGJdistensibility. The EGJ-DI, ie the narrowest single CSA within the EGJ divided by distensive pressure, was demonstrated as an effective metric to identify esophageal outflow obstruction among patients with achalasia and dysphagia. 10, 13, 20 Thus, while the EGJ-DI appears well suited for the evaluation of dysphagia and its simplicity makes it appealing to clinical application, it may not be the ideal measure to assess GERD physiology. 21 Gastroesophageal reflux is primarily an episodic event that occurs when the gastro-esophageal pressure gradient overcomes the anti-reflux barrier, which can occur at relatively small EGJ opening diameters induced by small pressure increments. While this GERD-related EGJ opening was able to be assess using the pressurecontrolled barostat method, the volume-controlled distension of the typical FLIP study protocol and use of the EGJ-DI may not reflect the appropriate paradigm to assess reflux susceptibility. Limitations of our study also include the fairly heterogeneous clinical cohort resulting from inclusion of both patients with typical and atypical reflux symptoms. While this was intended to aid providing a greater number of patients with normal AET (ie somewhat of a "patient-control" group), studying a more homogenous GERD population, could potentially yield more consistent results related to EGJdistensibility in GERD. Additionally, although we further attempted to supplement the GERD evaluation by utilizing a validated GERD questionnaire, we found poor correlations between the symptom scores with both FLIP and esophageal pH parameters, which speaks to the further complexity of symptom-generation related to reflux.
Ultimately, GERD pathogenesis and symptom generation is complex and multifactorial. Our results support the previous literature that FLIP-assessed EGJ-distensibility (using the EGJ-DI) is inconsistently associated with esophageal acid exposure, though our novel FLIP-motility paradigm observed that the esophageal contractile response to distension was associated with esophageal acid exposure.
Competence of the EGJ remains an important factor in GERD, thus further study to optimize its evaluation is needed. While the role of FLIP in the GERD evaluation remains an evolving question, the esophageal response to distension appears to be an important component of esophageal function, thus its assessment holds promise to aid characterizing patients evaluated for reflux.
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